Immunocytochemistry was used to detect the presence of oestrogen and progesterone receptors in the cervices of prepubertal lambs, seasonally anoestrous ewes, cyclic ewes, and pregnant ewes of known gestational stages, to define the roles of gonadal steroids in cervical function. The presence of the immediate early gene product, c-Fos, a marker for cellular activation, was also investigated using immunocytochemistry and in situ hybridization. Oestrogen receptor immunoreactivity was restricted to the endometrium on days 0\p=n-\3of the oestrous cycle (day 0 = oestrus). In immature animals, very few scattered nuclei in the endometrium were immunoreactive. Oestrogen receptor immunoreactivity was not apparent in the endometrium during the remainder of the oestrous cycle or in this region in anoestrous animals. In pregnant ewes, oestrogen receptor immunostaining appeared as relatively few isolated nuclei in the connective tissue stroma. Progesterone receptor immunoreactivity was found in the endometrium at days 0\p=n-\3of the oestrous cycle and also in the luminal epithelium, the myometrium and the blood vessels. Progesterone receptor immunoreactivity was also found in these regions, with the exception of the endometrium, at all other stages examined. Immunostaining for c-Fos was present in the endometrium at days 0\p=n-\3of the oestrous cycle, and some scattered immunopositive nuclei were present in prepubertal animals. c-Fos immunoreactivity was also found in the myometrium and in blood vessels at all other stages examined. Visualization of c-fos gene expression by in situ hybridization showed that it occurred in the luminal epithelium and blood vessels at oestrus, but was restricted to the blood vessels in all other samples examined.
Introduction
The cervix acts as a protective barrier for the upper genital tract in non-pregnant females and prevents expulsion of the conceptus throughout pregnancy while permitting the passage of the offspring at parturition. Fulfilling these diverse roles involves major changes in both the function and the form of the cervix (Dobson, 1988) . The factors that control the function of the ovine cervix are poorly understood, but like most of the female reproductive tract, it is thought that ovarian steroids are important.
Ovarian steroid hormones regulate development, growth, proliferation and differentiation of reproductive tissues through their specific receptors (Clark and Mani, 1994) . The number of steroid receptors varies depending on the steroidal milieu. Oestradiol and progesterone are known to alter the expression of oestrogen receptors (Bergman et al, 1992; Clark and Mani, 1994; Perrot-Applanat et al, 1994) .
Oestradiol also influences the expression of progesterone receptors (Blaustein and Turcotte, 1989; Chauchereau et al, 1992; Clark and Mani, 1994) . In the ovine uterus, the populations of oestrogen and progesterone receptors change markedly during the oestrous cycle (Cherny et al, 1991; Wathes and Hamon, 1993 In situ hybridization
Cryostat sections were fixed in 4% (w/v) paraformaldehyde in 0.1 mol PBS I"1 for 20 min on ice. After washing in 0.5 mol PBS I-1 (2x5 min), slides were treated in 0.1 mol triethanolamine (TEA) l"1 for 2 min, followed by 0.1 mol TEA l"1 and 0.25% (v/v) 
Progesterone receptors
Progesterone receptor immunoreactivity was present in the nuclei of the endometrium (Fig. 2a) at oestrus and up to day 3 of the oestrous cycle, and also appeared in the cytoplasm of the luminal epithelium, myometrium and blood vessels (not shown). Staining was not apparent in the endometrium during the later stages of the cycle, but remained present in the nuclei and cytoplasm of the myometrium and blood vessels (not shown). Positive staining was also observed in the myometrium, luminal epithelium and blood vessels in anoestrous ewes (Fig. 2b) . During late pregnancy (days 125 and 135) positive staining was observed in myometrium, blood vessels (not shown) and the luminal epithelium (Fig. 2c) .
c-Fos localization and gene expression c-Fos localization and gene expression in the ovine cervix were investigated by immunocytochemistry and in situ hybridization. c-Fos immunoreactivity was restricted to the endometrium of the cervix on days 0-3 of the oestrous cycle (Fig. 3a) . No c-Fos immunoreactivity was apparent in this region during the later stages of the oestrous cycle or during anoestrus (not shown). In all samples examined, immunostaining could be observed in the myometrium and blood vessels (Fig. 3b) . In situ hybridization revealed that c-fos mRNA occurred at oestrus in the luminal epithelium but not in the endometrium (Fig. 4a) (Fig. 4b-d ).
Discussion
The structure and appearance of the cervix changes markedly during the oestrous cycle, pregnancy and parturition, and there appears to be a temporal relationship between these changes and the changes in circulating concentrations of oestradiol and progesterone (Fitzpatrick and Dobson, 1979 Dobson, 1981) . However, the full role of steroid hormones in cervical function is not clear.
In the present study, oestrogen receptors were detected in the endometrium of the ovine cervix. This finding correlates strongly with the expected peak in serum oestradiol concentrations (Hauger et al, 1977; Legan and Karsch, 1979) , and is in accordance with the observation that oestrogen and progesterone receptors are at maximum concentrations in all regions of the ovine reproductive tract at oestrus (Wathes and Hamon, 1993 reduced circulating oestradiol concentrations or increased progesterone concentrations. Oestradiol upregulates the number of oestrogen receptors (Bergman et al, 1992; Clark and Mani, 1994) , while progesterone downregulates the number of oestrogen receptors (Clark and Mani, 1994; Perrot-Applanateífl/., 1994 (Chauchereau et al, 1992; Clark and Mani, 1994) , and this effect is specific to oestrogen receptive cells in the brain (Blaustein and Turcotte, 1989 
